The present study describes the ultrastructure of mature vitellocytes of the trypanorhynch cestode Progrillotia pastinacae Dollfus, 1946 (Progrillotiidae), a parasite of the common stingray Dasyatis pastinaca (Linnaeus, 1758) (Dasyatidae). The vitelline cells of this species measure about 24 µm in length and about 20 µm in width. They have small, elongated, slightly lobulated nuclei, about 4-5 µm in length, with large dense elongated nucleoli and numerous irregularly-shaped dense clumps of heterochromatin. The extensive cytoplasm is rich in numerous cell organelles and cell inclusions. While the perinuclear cytoplasm contains numerous long parallel cisternae of GER, ribo-and polyribosomes, several Golgi complexes and mitochondria, the peripheral cytoplasm contains predominantly three types of cell inclusions: a great number of large lipid droplets, several shell globule clusters, and a very small amount of glycogen-like particles. The most characteristic features of vitellocytes in P. pastinacae are having almost no traces of glycogen and the great number of large, highly osmiophobic lipid droplets representing saturated fatty acids. The presence of large amounts of lipids also in two other trypanorhynchs, Grillotia erinaceus 
Introduction
Except for the recent detailed study on the ultrastructure and cytochemistry of vitellogenesis in Dollfusiella spinulifera Beveridge, Neifar et Euzet, 2004 (OEwiderski et al. 2006 , which belongs to family Eutetrarhynchidae, there are no other published data on vitellogenesis in trypanorhynch cestodes, a much neglected group in ultrastructural and cytochemical studdies (Palm 2004) . The extensive review on vitellogenesis in other cestode orders (OEwiderski and Xylander 2000) , indicates that vitellocytes have 2 important functions in embryogenesis:
(1) formation of a hard eggshell (e.g. Pseudophyllidea) or a delicate capsule (e.g. Cyclophyllidea), and (2) supplying nutritive reserves for the developing embryos. During cestode evolution any of these two functions have been intensified or reduced in different taxa depending on the type of their embryonic development, degree of ovoviviparity and life cycles (OEwiderski and Mokhtar 1974; Mokhtar-Maamouri and OEwiderski 1976; OEwiderski and Mackiewicz 1976; OEwiderski et al. 1978 OEwiderski et al. , 2005 OEwiderski et al. , 2006 OEwiderski and Xylander 1998, 2000) .
The aim of this study is to provide additional comparative information on the ultrastructure of mature vitellocytes and, to a lesser extent, on vitellogenesis of another trypanorhynch cestode, Progrillotia pastinacae Dollfus, 1946 from a second trypanorhynchid family Progrillotiidae Palm, 2004. 
Material and methods
Mature specimens of Progrillotia pastinacae Dollfus, 1946 (Trypanorhyncha, Progrillotiidae) were obtained from the spiral valve of the common stingray Dasyatis pastinaca (L., 1758) (Dasyatidae) collected in the Tunisian coastal area off Sidi Mansour.
Living cestodes were placed in a 0.9% NaCl solution and different portions of mature proglottids were routinely processed for TEM examination. Specimens were fixed in cold Skóra Stefañski DOI: 10.2478/s11686-006-0030-8
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Figs 1 and 2. Low power electron micrographs of the parts of the vitelline follicle showing perinuclear and peripheral parts of mature vitellocytes of Progrillotia pastinacae. Note: (1) large nuclei with large electron-dense heterochromatin islands; (2) few mitochodria; (3) long profiles of GER composed of parallel cisternae; (4) minute vesicles of Golgi complexes; (5) numerous large lipid droplets of very low electron density situated mainly in the peripheral cytoplasm; (6) several glycogen-like particles, in form of single granules or rosettes, localised frequently around the lipid droplets; and (7) several shell globule clusters. Inset: Detail of the parallel cisternae of GER and small Golgi vesicles at their terminal parts on the right upper corner. Abbreviations to all figures: GC -Golgi complex; GER -granular endoplasmic reticulum; gl -glycogen-like particles; Hch -heterochromatin islands; L -lipid droplet; m -mitochondrion; n -nucleolus; N -nucleus; sgcshell globule cluster Zdzis³aw OEwiderski et al. 196 
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Figs 3 and 4. Higher power electron micrographs showing ultrastructural details of the perinuclear regions of the vitellocytes. Note: (1) large nuclei with nucleoli and large electron-dense heterochromatin islands; (2) long profiles of GER composed of parallel cisternae; (3) few mitochodria; (4) minute vesicles of Golgi complexes; (5) numerous large lipid droplets of very low electron density situated mainly in the peripheral cytoplasm; (6) several glycogen-like particles, in form of single granules or rosettes, localised frequently around the lipid droplets; and (7) (4°C) 2.5% glutaraldehyde in a 0.1 M sodium cacodylate buffer at pH 7.4 for 2 h, rinsed in a 0.1 M sodium cacodylate buffer at pH 7.4, postfixed in cold (4°C) 1% osmium tetroxide in the same buffer for 1 h, rinsed in a 0.1 M sodium cacodylate buffer at pH 7.4, dehydrated in an ethanol series and propylene oxide, and finally embedded in Spurr's resin. Ultrathin sections were obtained using a Reichert-Jung Ultracut E ultramicrotome, placed on copper grids and double-stained with uranyl acetate and lead citrate. Ultrathin sections were examined using a JEOL 1010 transmission electron microscope operated at 75 kV.
Results
Vitelline follicles of Progrillotia pastinacae are numerous and situated in the cortical parenchyma. Each follicle from mature proglottids is composed of vitelline cells at different developmental stages and the so-called "interstitial syncytium". Mature vitellocytes of P. pastinacae (Figs 1-4 ) are large, elongated cells which measure about 24 µm in length and about 20 µm in width. They have elongated, slightly lobulated nuclei, which is about 4-5 µm long (Figs 1-4) , with large (about 2.5 µm long) centrally situated, electron-dense elongated nucleoli (Fig. 4) and numerous dense areas of irregularly-shaped heterochromatin islands at the periphery of the granular karyoplasm, usually adjacent to the nuclear membrane (Figs 1-4) . The extensive cytoplasm is rich in numerous cell organelles and three different types of cell inclusions (Figs  1-6) .
The perinuclear cytoplasm (Figs 1 and inset, 2-6) exhibits numerous long parallel cisternae of granular endoplasmic reticulum (GER), many ribo-and polyribosomes, several Golgi complexes and mitochondria (Figs 1 and inset, 2-6). Details of Golgi complexes and their association with the smallest shell granules are shown on Figures 1 and inset, and 3 .
The peripheral cytoplasm (Figs 1-6) mainly contains three types of cell inclusions: large lipid droplets, shell globule clusters, and few β-glycogen-like particles. Details of these structures, are shown on Figures 5 and 6, where it is also possible to observe the well developed GER. The most characteristic feature of the vitellocytes are the numerous large, highly osmiophobic lipid droplets representing saturated fatty acids (Figs 1-6 ). These droplets, of variable sizes, appear lightly stained, and sometimes it is possible to observe their formation (Fig. 5) .
Other large membrane-bound vesicles contain clusters of numerous shell globules of different sizes (Figs 1-6) . The number and size of individual shell globules or units varies greatly within one cluster depending on the level of sectioning. Some of the vesicles are asymmetrical or appear partially empty (Figs 1-6 ). However, higher power electron micrographs show that they are filled with an almost amorphous, flocculent material of very low density (Figs 4 and 6) . Clusters of vitelline granules often consist of two different types of granules: the first type is composed of homogeneous electron-dense, small, spherical granules and the second type refers to heterogeneous, large spherical granules with several electron-lucent areas (Fig. 5) . A few scattered β-glycogen-like particles, representing the third type of vitelline cell inclusion, appear associated with these vesicles (Figs 5 and 6 ).
Discussion
Data on the ultrastructural organization of vitellocytes of trypanorhynch cestodes are presently available for three species: Grillotia erinaceus by McKerr (1985) , Dollfusiella spinulifera by OEwiderski et al. (2006) , and Progrillotia pastinacae in the present study. Common features of mature vitelline cells of these species are: (1) the great number of large lipid droplets; (2) the moderate amount of shell globule clusters; and (3) the total absence of α-glycogen rosettes and only a small trace of β-glycogen particles. In spite of these general similarities, the vitellocytes of these three species show some small and inconspicuous differences, which are characteristic for each species: (1) the chemical nature of lipids (saturated or unsaturated fatty acids), that appear osmiophobic or osmiophilic on thin sections; (2) a great variety of shapes, sizes and mode of transformation of shell globule clusters; and (3) a strongly positive cytochemical reaction for membrane-bound glycoproteins in all membraneous structures, which is very characteristic for vitellocytes of D. spinulifera (OEwiderski et al. 2006) .
The cytochemical tests for polysaccharides or more specifically for glycogen were not made for vitellocytes of P. pastinacae (present study) or for those of G. erinaceus (McKerr 1985) . However, very characteristic rosettes of α-glycogen, or individual isometric particles of β-glycogen (average size 150-300 C), which are much larger than ribosomes and more densely stained with lead ions, can easily be distinguished on electron micrographs even without using Thiery's (1973) method.
The chemical nature of the lipid droplets in mature vitellocytes varies among these three species: in the lacistorhynchid G. erinaceus and in the progrillotiid P. pastinacae, the lipids appear saturated (McKerr 1985; present study, respectively) while in the eutetrarhynchid D. spinulifera the lipids are highly osmiophilic and therefore unsaturated (OEwiderski et al. 2006) . In G. erinaceus, however, the lipid droplets are of low saturated chemical nature and therefore slightly osmiophilic, while in P. pastinacae they are clearly saturated and evidently osmiophobic. The characteristic appearance of lipids in electron micrographs is determined during fixation with osmium tetroxide when triglyceride droplets rich in unsaturated fatty acids become blackened by reduction of osmium. The degree of blackening by osmium varies with the composition of the lipids. The presence of a great number of large lipid droplets of saturated or usaturated chemical nature, is the most common character for trypanorhynch vitellocytes. Variation in the nature of the lipid has also been reported in the Pseudophyllidea by OEwiderski and Mokhtar (1974) and Kor-neva (2001) , in the Nippotaeniidae by Korneva (2002) and in the Spathobothriidea by Bruòanská et al. (2005) . On the other hand, lipids are usually absent from vitellocytes of the most evolved cestodes, Cyclophyllidea, (OEwiderski et al. 1970a (OEwiderski et al. , b, 2000 (OEwiderski et al. , 2005 OEwiderski 1973 ) and they are also absent from a lower cestode order, Caryophyllidea (Mackiewicz 1968; OEwiderski and Mackiewicz 1976) .
Apart from the variation in the chemical nature of the lipid droplets, differences were also found among the shell globule structures in the three assessed trypanorhynch species. Unlike G. erinaceus and P. pastinacae that retain the integrity of individual shell globule clusters, mature vitellocytes of D. spinulifera have a very characteristic single large vesicle filled with almost amorphous, flocculant material of very low density. This large central vesicle is surrounded by (1) a significant amount of moderately electron-dense proteinaceus granules, showing consecutive stages of their growth and differentiation into typical shell globule clusters, and (2) highly osmiophilic lipid droplets of unsaturated chemical character.
Both P. pastinacae and D. spinulifera represent insufficiently known tapeworms with regard to the type of embryonic development, degree of oviparity and life cycle and therefore it is premature to discuss functional ultrastructure of their vitellocytes during and after egg formation.
The discovery that lipids vary in the vitellocytes of different families of the Trypanorhyncha raises important questions regarding the factors determining lipid type, functional significance, and what role they might have in assessing evolutionary relationships at any level.
